Introduction
Pigeonpea (Cajanus cajan (L.) Millsp.) is one of the protein rich pulse crop of the semi-arid tropics, grown predominantly under rainfed conditions. It improves soil conditions through addition of leaf fall and its deep and strong root system breaks the plough pans and improves the soil structure. Hence, it is often called a "biological plough". In India, pigeonpea occupies an area of about 3.47 million ha with a total production of 2.55 million tonnes, with an average productivity of 711 kg ha -1 (Sujatha and Babalad, 2018) . Pigeonpea is largely grown in Northern parts of Karnataka, especially in Kalburgi, Vijayapur, Bidar and Raichur districts. In dry farming areas of northern Karnataka, the rainfall is not only scanty but also erratic. Thus, soil moisture becomes the most limiting factor in pigeonpea production. In order to ensure timely sowing under delayed onset of monsoon, the transplanting of pigeonpea seedlings will be one of the best agronomic measures to overcome delayed sowing (Rajesh et al., 2013) . In recent years transplanted method of pigeonpea cultivation is most popular practices in Zone I and Zone II of the agro-climatic region of northern Karnataka, in parts of Bidar, Kalaburagi and in some parts of Raichur district. The main reason for transplanting technology being popular among the small, marginal and medium land holding farmers in the region because of increased yield levels, advanced or timely sowing, efficient utilization of vertical and horizontal space, moisture, nutrients and light energy.
The initial slow growth rate and deep root system of pigeonpea offers good scope for intercropping with fast growing early maturing and shallow rooted crops. Several short duration crops mainly greengram, blackgram, soybean, groundnut, maize, sorghum pearlmillet and other crops could be grown as intercrop in long duration pigeonpea for increasing productivity and maintaining soil fertility. Intercropping of short duration legumes and pulses not only enhance the productivity but also the net returns over sole pigeonpea.
Materials and Methods
A field experiment was conducted kharif seasons of 2016-17 and 2017-18 at ICAR-KVK, Kalaburgi, and Karnataka, India. The soil reaction of the experimental field was 8.5 (pH) with clay loam in texture, low in organic carbon (0.45 %) and available nitrogen (178 kg ha -1 ), medium in available phosphorus (26.7 kg ha -1 ) and high in available potash (506 kg ha -1 ). The experiment was laid out in randomized complete block design comprising eleven treatment combinations viz., transplanted pigeonpea with greengram (1:4 row ratio), transplanted pigeonpea with blackgram (1:4 row ratio), transplanted pigeonpea with soybean (1:4 row ratio), transplanted pigeonpea with sesamum (1:4 row ratio), transplanted pigeonpea with sunflower (1:1 row ratio), sole transplanted pigeonpea, sole greengram, sole blackgram, sole soybean and sole sunflower with three replications. The varieties used were BSMR-736 of pigeonpea, BGS-9 of greengram, DU-1 of blackgram, JS-335 of soybean, DS-5 of sesamum and RSFH-1887 of sunflower. The recommended doses of fertilizers were applied for each sole crop as per the recommendations. In case of intercropping treatments, fertilizers were applied in proportionate to the sole optimum population for main and intercrops separately. The other management operations were done as per recommended package of practices for both main and intercrops. Growth parameters were recorded as per standard procedures. The height of the plant was measured from ground level to the tip of the main shoot. The plant height was measured at 75,120, 165 DAS and at harvest. The mean of five plants in each plot was worked out and expressed in cm plant -1 .
Total number of fully opened trifoliate leaves was counted in the five plants and their average was taken as number of leaves per plant.
The leaf area was worked out by disc method on dry weight basis at 75, 120, 165 DAS and at harvest as per the procedure suggested by Vivekanandan et al., (1972) .
Where, LA = Leaf area (dm 2 plant -1 ) Wa = Oven dry weight of all leaves (inclusive of 10 disc weight) Wd = Oven dry weight of 10 discs in gram A = Area of the 10 discs (dm 2 ) Leaf area index (LAI) was worked out by dividing the leaf area per plant by land area occupied by the plant (Sestak et al., 1971) .
Where, A= Leaf area per plant (dm 2 ) P= Land area occupied by the plant (dm 2 ) Leaf area duration (LAD) an integral of leaf area index over the growth period was worked out using the formula given by Power et al., (1967) .
Where, LAD = Leaf area duration in days L 1 , L 2 = LAI at stage 1 and stage 2 t 1 and t 2 = Time interval in days between stage 1 and stage 2 Total dry matter was calculated by adding the dry weights of different plant parts and expressed as grams per plant.
The data were statistically analyzed as per the procedure given by Gomez and Gomez (1984) for randomized block design.
Results and Discussion

Effect of intercrops on plant height of transplanted pigeonpea
Plant height of transplanted pigeonpea differed significantly due to intercropping during both the years of experimentation and in their pooled data at all the growth stages except at 75 DAS. At 120 DAS, among different treatments, significantly higher plant height (134.82 cm) was recorded with treatment T 6 -sole transplanted pigeonpea, but it was on par with the treatments, T 3 -transplanted pigeonpea + soybean (1:4 row proportion), T 5 -transplanted pigeonpea + sunflower (1:1 row proportion), T4-transplanted pigeonpea + sesamum (1:4 row proportion) and T 1 -transplanted pigeonpea + greengram (1:4 row proportion) (133.81, 131.01, 126.21 and 125.27cm, respectively) and significantly lower plant height was noticed with treatment T 2transplanted pigeonpea with blackgram (111.53 cm) in pooled data.
At 165 DAS, pooled mean indicated that significantly higher plant height (183.82 cm) was recorded with sole transplanted pigeonpea (T 6 ) which was found to be on par with intercropping treatments, T3-transplanted pigeonpea + soybean (1:4 row proportion) (179.36 cm) and T 5 -transplanted pigeonpea + sunflower (1:1 row proportion) (172.62 cm) and significantly lower plant height (143.55 cm) was recorded with transplanted pigeonpea + blackgram (1:4 row proportion).
At harvest, sole transplanted pigeonpea (T 6 ) recorded significantly higher plant height (195.99 cm), which was on par with treatments, T 3 -transplanted pigeonpea+ soybean (1:4 row proportion), T 5 -transplanted pigeonpea + sunflower (1:1), T 4 -transplanted pigeonpea + sesamum (1:4 row proportion) and T 1 -transplanted pigeonpea + greengram (1:4row proportion) (190.31, 182.09, 176.11 and 174.58 cm, respectively) . Significantly lower plant height was recorded with T 2transplanted pigeonpea +blackgram (157.26 cm) ( Table 1) .
Effect of intercrops on number of leaves of transplanted pigeonpea
At 75 DAS, pooled data indicated that significantly higher number of leaves was recorded with T 6 sole transplanted pigeonpea (50.93) as compared to intercropped treatments.
Among the intercropping treatments highest number of leaves was recorded with transplanted pigeonpea + soybean (1:4) (39.23). Significantly lower number of leaves (18.83 plant -1 ) was observed with transplanted pigeonpea + blackgram (1:4 row proportion).
At 120 DAS, T 6 -sole transplanted pigeonpea recorded significantly higher number of leaves (542.20 plant -1 ) over the intercropping systems. Significantly lower number of leaves plant -1 were noticed with T 2 -transplanted pigeonpea + blackgram (1:4 row proportion) (205.73) in pooled data.
At 165 DAS, pooled data of two years revealed that the number of leaves plant -1 were significantly higher with T 6 -sole transplanted pigeonpea (1334.50) and among the intercropping treatments, T 3 -transplanted pigeonpea + soybean recorded higher number of higher number leaves (952.67 plant -1 ). Significantly lower numbers of leaves were noticed with T 2 -transplanted pigeonpea + blackgram (1:4 row proportion) (441.17 plant -1 ).
At harvest, significantly higher number of leaves plant -1 was recorded with T 6 -sole transplanted pigeonpea (605.10) as compared to intercropped treatments. Significantly lower number of leaves plant -1 were-noticed with T 2transplanted pigeonpea + blackgram (1:4 row proportion) (212.70) from the pooled mean (Table 2) .
Effect of intercrops on leaf area of transplanted pigeonpea
Pooled data at 75 DAS, revealed that the leaf area was significantly higher in the T 6 -sole transplanted pigeonpea (7.87 dm 2 plant -1 ) over the intercropping treatments. Among the intercropping treatments, higher leaf area plant -1 was noticed with T 3 -transplanted pigeonpea + soybean (1:4 row proportion) (6.14 dm 2 plant -1 ). The treatment T 2transplanted pigeonpea + blackgram (1:4 row proportion) recorded significantly lower leaf area plant -1 (2.89 dm 2 plant -1 ).
At 120 DAS, among the different treatments, significantly higher leaf area was noticed with T 6 -sole transplanted pigeonpea (103.90 dm 2 plant -1 ). However, among the intercropping system treatments, T 3 -transplanted pigeonpea + soybean (1:4 row proportion) (82.45 dm 2 plant -1 ) recorded higher leaf area. T 2transplanted pigeonpea + blackgram (1:4 row proportion) recorded significantly lower leaf area (38.84 dm 2 plant -1 ) in pooled data.
Pooled data at 165 DAS, revealed that the leaf area was significantly higher with sole transplanted pigeonpea (195.66 dm 2 plant -1 ). Among the intercropping treatments, transplanted pigeonpea + soybean (1:4 row proportion) noticed higher leaf area (148.35dm 2 plant -1 ). Treatment T 2transplanted pigeonpea + blackgram (1:4 row proportion) recorded significantly lower leaf area (68.26 dm 2 plant -1 ).
At harvest, pooled data on leaf area revealed that sole transplanted pigeonpea noticed significantly higher leaf area (93.81 dm 2 plant -1 ). However, among the intercropping treatments, T 3 -transplanted pigeonpea + soybean (1:4 row proportion) recorded higher leaf area (74.43 dm 2 plant -1 ). Significantly lower leaf area was noticed with T 2transplanted pigeonpea + blackgram (1:4 row proportion) (32.92 dm 2 plant -1 ) ( Table 3) .
Effect of intercrops on leaf area index of transplanted pigeonpea
Pooled data at 75 DAS revealed that, significantly higher leaf area index (0.070) was noticed with T 6 -sole transplanted pigeonpea. Among the different intercropping system, transplanted pigeonpea + soybean (1:4 row proportion) recorded higher leaf area index (0.055). Significantly lower leaf area index was noticed with transplanted pigeonpea + blackgram (1:4 row proportion) (0.026).
Pooled data of two years at 120 DAS, revealed that, significantly higher leaf area index was noticed with T 6 -sole transplanted pigeonpea (0.924). Among the intercropping treatments, transplanted pigeonpea + soybean (1:4 row proportion) recorded higher leaf area index (0.733). Treatment T 2 -transplanted pigeonpea + blackgram (1:4 row proportion) recorded significantly lower leaf area index (0.345).
At 165 DAS, results of pooled data of two years revealed that, sole transplanted pigeonpea(T 6 ) noticed significantly higher leaf area index (1.739). Among the intercropping treatments, transplanted pigeonpea + soybean (1:4 row proportion) recorded higher leaf area index (1.319). Significantly lower leaf area (0.607) was noticed in transplanted pigeonpea + blackgram (1:4 row proportion).
At harvest, sole transplanted pigeonpea recorded significantly higher leaf area index (0.834) over the intercropping treatments. Among the different intercropping treatments, transplanted pigeonpea+ soybean (1:4) noticed higher leaf area index (0.662). Significantly lower leaf area index (0.293) was recorded with transplanted pigeonpea + blackgram (1:4 row proportion) ( Table 4 ).
Effect of intercrops on leaf area duration of transplanted pigeonpea
Leaf area duration (75-120 DAS) revealed that, significantly higher leaf area duration was noticed with T 6 -sole transplanted pigeonpea (22.35 days) over intercropping treatments in pooled data. Among the intercropping treatments, transplanted pigeonpea+ soybean (1:4) noticed higher leaf area duration (17.72 days). Significantly lower leaf area duration was recorded with T 2transplanted pigeonpea + blackgram (1:4 row proportion) (8.35 days).
Pooled data of leaf area duration (120-165 DAS) revealed that significantly higher leaf area duration (59.91 days) was noticed with T 6 -sole transplanted pigeonpea over the intercropping treatments. The transplanted pigeonpea + soybean noticed higher leaf area duration (46.16 day) among the intercropping treatments. Significantly lower leaf area duration (21.42) was noticed with transplanted pigeonpea + blackgram (1:4 row proportion).
Leaf area duration at 165-harvest revealed that the T 6 -sole transplanted pigeonpea recorded significantly higher leaf area duration (142.23days) over the intercropping treatments.
Among the intercropping treatments, T 3 -transplanted pigeonpea+ soybean (1:4) recorded higher leaf area duration (109.42 days). Significantly lower leaf area duration (49.69 day) was recorded with transplanted pigeonpea + blackgram (1:4 row proportion) in pooled data (Table 5) . 
Effect of intercrops on the total dry matter production of transplanted pigeonpea
Pooled data at 75 DAS, revealed that, significantly higher total dry matter production was recorded with sole transplanted pigeonpea (49.70 g plant -1 ) over other intercropping treatments. Among the intercropping treatments, T 3 -transplanted pigeonpea + soybean (1:4 row proportion) noticed higher total dry matter production (41.38 g plant -1 ). T 2 -transplanted pigeonpea + blackgram (1:4 row proportion) recorded significantly lower total dry matter production (18.80 g plant -1 ).
At 120 DAS, pooled data on intercropping of transplanted pigeonpea results revealed that, significantly higher total dry matter production (197.74 g plant -1 ) was recorded with T 6 -sole transplanted pigeonpea when compared to other intercropping treatments. Among the intercropping treatments T 3transplanted pigeonpea + soybean (1:4 row proportion) noticed higher total dry matter production (169.65 g plant -1 ) compared to other intercropping treatments under study. Significantly lower total dry matter production was recorded with transplanted pigeonpea + blackgram (1:4 row proportion) (80.11 g plant -1 ). Similar trend was observed during 165 DAS also.
At harvest, sole transplanted pigeonpea (T 6 ) recorded significantly higher total dry matter production (710.86 g plant -1 ) which was found on par with transplanted pigeonpea + soybean (1:4 row proportion) (647.17 g plant -1 ). Significantly lower total dry matter production (356.40) was noticed with transplanted pigeonpea + blackgram (1:4 row proportion) in pooled data ( Table 6 ). The above results corroborated well with Rathod et al., (2004) , Shanmugam (2008) , Srichandan and Mangaraj (2015) , Nagar et al., (2015) and Pal et al., (2016) .
Based on the results, it can be concluded that sole transplanted pigeonpea recorded higher growth parameters viz., plant height, number of leaves per plant, leaf area, leaf area index, leaf area duration and total dry matter production over intercropped transplanted pigeonpea. Among the intercropping systems, transplanted pigeonpea + soybean (1:4 row proportion) fallowed by transplanted pigeonpea + soybean (1:4 row proportion) higher growth parameter compare to other intercropping treatments.
